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B72 01009  

The use of the Space Shuttle, particularly the 
Sortie Mode, for earth applications is investigated. The 
feasibility of a large number of earth applications is re- 
viewed. The capability of the Space Shuttle in Sortie 
Mode is appraised. It is found that for the class of ap- 
plications that require high quality data but at infre- 
quent intervals, such as photography for mapping, the Space 
Shuttle Sortie could well provide data for operational pur- 
poses if mission duration is on the order of 25-30 days. 
Two to four flights per year are needed to provide data for 
those applications requiring infrequent data. There is 
little operational role for the Space Shuttle Sortie in those 
applications requiring real-time or near real-time data. 

For instrument development and applied research, the 
Space Shuttle Sortie could carry much of the load, if designed 
to permit relatively quick and simple instrument mounting and 
demounting, and to provide for investigator/technicians on 
boar& w i t h  access to their instruments. This activity-could - _. 

be piggybacked on other flights. 

This study formed part of a presentation to 
P. Culbertson, Advanced Missions Director, on December 9, 1971. 

The material was prepared by members of the Bellcomm 
Space Experiments Department including B. A.  Gropper, R. E. 
McGaughy, R. W. Newsome, W. L .  Smith, G. T. Orrok, and the 
undersigned. 

1011-WWE-mar 

Attachments 
(NASA-CR-125843)  EA3TH A P P L I C A T I O Y S  A N D  THE N79- 72 2 29 
SPACE SHUTTLE (Bellcomm, I n c . )  1 4  p 

‘ Jnc la s  

I 
00/16  12892 



h 

cn 

c 
0 
-4 
4J u 
7 a 
0 
k 
4J 
c 
H 

rn 
c 
0 
-4 
c, 
rd u 
-4 
rl a a a 
c 
4 
k 
rd 
s) 

a c 
a 
a, 
rl 
4 
c, 
7 c rn 
a, 
0 
la e 
a, c 
4J 

w 
0 

a 
-4 c rn 
c 
u 
-4 
4J 
rd 
rl 
a, 
k 
rl 
r d .  
-4 a 
4 J O  

4 -4 
0 3  aa, 

k 
a, ern 
I3 -4 

$ $  

.. 
a 
a, 
k 
a, a 
-rl 

u 
a, 
k 
m 
rn 
c 
0 
-4 
c, rn 
a, 
7 
F 
a, 

a, a 
a, 
k 
a, 

5 
rl 
rl 
-4 
5 

c\. 
k 
0 

a, a c 
a, 

?l 

a, u 
rd e 
a 
-4 
rl 
Id 
3 
rd 

h 

rl 

a, 
rl 
4 
4J 

a, 
5 
k 
0 
icl 

rd 
a, 
k 
m 
4 
7 

a, 
A 
rn 
c 
0 

h 

cv m 

H 



n 
X 
I- 

z 
m 

a 
3 .  
0-1 
o ? .  
0 3  

U 



c 

I 

u) 
x 
k 
m 

p: 
E 
a 
a, 
+, 
m 
c, 
0 c c 
4 

- - 
m 
c 
0 
-d 
c, 
ld u 
-d 
rl a 
2 
c 
c, 
k 
ld w - - 
a 
Q) 
rl 
c, 
-4 
c, 
E: 
0) 

N 

0 a 
-4 
rl 
v) 

m--Q 3 a, 

rl 
m 
c 
0 
-4 
c, 
m 
k 
a, a 
0 



>- 
- I w  
Z i - >  

CJI-I-X 
C Y I Y  u 
-IuCY 

w o  
z w  

c3 o w  

- 1 w  - 3  

w w w w  

C Y - ~ U  
w a r -  

a w  *a 

I n > +  
w a z n  
CY - I C Y  
a n  - 

> n o  

m z 
0 
I- 

u 
-I 
a a 

X 
I- 
CY 

W 

M 

a 
U 

a 

a 

m I- *I- 
I-LL w u  
U O Z > L  

Z V I I - z w  

w x w  
w z C J w m  

LL a - w  
w ~ - r c n z  
w o  we0 
m z c r I -  

ratx w 
I - r a z r  = +-tat- 

4 

m 
W 
I- 

-1 
-1 
W 
I- 

m 

C-( 

a 

n 
W 
I- z 
W 

CY 
0 
I 

I- 
IY 
w 
LL 
0 
m 
Z 
0 

I- 

urn 
U C D  
l r n  
a d  
Q 
4 -  u 
-I& 
3 2  
L L I  
w m  

32 

M 

r 

a 

CI 

a 

m a  

n 
J a 
I- 
O 
I- 

w r 
I- 

LL 
0 
3 
\ 
M 
v 

in 
I- 
Z 
W 
E 
c3 
W 
in 

W 
u 
a 
v) 
I z 
0 
Z 
z 

I- 
a 
0 
LL 
LL 
w 
IY 
w 
c3 
a? 

-I 

W 

I- 

3: 
cn 
0 a z 
I 
v) 

Z 

a 

U 

a 

r 

a 

a 



- - 
[I) 
a, 
[I) 
fd c 
pc 

I 
Id u 

.Pi 

fi a a 
fd 
a, u 
Id a 
m 
0 
c, 
4J u 
a, a 
[I) 
a, 
k 

5 
-4 
3 
a, 
-4 
c, 
k 
0 cn 
a, 
rl 
+J 
c, 
I c 
[I] 

Q) c 
c, 
a 
a, 
c 
-4 

5 

2 

x 
a, 

a, 

c 

0 
4J 

$ 
-4 
c, u 
Id 
k 
c, 
4J 
fd 

a, a 
rl 
rl 
-4 
3 
a, 
-4 
c, 
k 
0 cn 
a, 
rl 
c, 
c, 
I 
G cn 
a, c 
c, 
4J 
a c 
4J 

a c 
-d 
+I 

a c 
fd 
[I) 
c 
0 
-4 
c, 

I a 
0 
rl 
a, 

a ?I 

a c 
fd 

c u 
k 
fd 
a, 
[I) 
a, 
k 
II) 
Id 
rl 
rl 
a, 
3 
m 
Id 

4J 
a, 
x 
b 
fd 
E 
rl 
fd c 
0 
-d u 
td GI 
a, a 
0 
a, c 
4J 

ICI 
0 

c 
0 
-4 
4J 
k 
0 a 

4J 
c 
a, 
E 

[I) 

rl 
rl 
0 
ll-i 

2 
0 
-ti 
m 
I 
rl u 
G 
0 
0 

a, 
[I) 
a, c 
4J 

w 
0 
4J 
k 



8 

v) 
W 
v) 

I a 
I- 
Z 
W 
IT 
a 
0 
-I 
W > 
W 

a 

n 

> 
c3 
0 
-I 
0 
Z r 
o 
W 
I- 

n 
W 
I 
v) 

-I 

I- 
cn 
W 

I 

Y 

m a 

> 
c3 
0 
J 
0 
Z r 
u 
W 
I- 

W 
u 
Z 

> 

n 

a 
n 
a 

I 

I- 
Y 

J 
a 

2 
W 
a a 
0 a . 

Z 
Y 

> 
I- 

> 
I- o 

Y 

Y 

a 
W r 
0 
v) 

0 
I- 

w 
> 
I- 
u 
tY 
I- 
I- 

Y 

a 

a 
W 
m 

-I 
-I 
W 
3 

v) a 
v) 
Z 
0 
Y 
c 

W 
a 
0 

z 

I- 
u 
W 
a 

U 

m 
0 
tY 
a 
a 
v) 
Y 

W 
tY 
W 

I- 
r 

M 

w 
n 



0 

A 

a, 
rl 

2 
-4 
rn 
m 0 

c, 4 u a  
A G O  

rn 
m m 

C 
-4 rn 

c 
0 
-4 
c, 
a u 
-4 
rl a a a 
rl 
m 
-4 
c, 

rn 
3 

M 
E? 
H 
B 
4 u 
H 
I4 

ii 
X 
B 
p: 
4 w 
I 

E z 
0 
M 

at: 3-4 a, crn 
X 
a, c 

w 
0 Q) c 

c, rn 
a, 
c, 

-4 
c, rn w 

2 

.. 

c 
-4 

c 
a, 
c, 

c 

c rn 
a, 
k 
a 

i 
-4 
3 
a, 
k 

+J 
rn 
a, w 

4 
B 
B 
3 
X 
M 

o a  
+J 

2 
3 
0 u 

k 
a m  
arc 
2; 
rn 

rn 
-4 
A 
4J E - 4  c o r n o  w 
0 
rn 
4J 
rl 

a, 
k 

2 ri 
a, 
3 

h a ,  

2-55 a, c 
I3 

111 
m k 

0 0  z 



n 
I 

c. 
W 
E 
W 
I u 

4 

z 
0 

I- 
3 

Y 

n 

a 
Y 

-I 

> 
I- 

m 
c. 
W 
-J 

V 
m 
a 

3 
W z -I 

0 
m 

a 
W 
V 
Z 
0 
V 

W 
ci 

1 

ci 
t- 

LL u 
0 W 

a > m 
I- 

-I Z 

a 

Y n 
Y a 
m 

m a a Y 

W I- 
LL 

Y -I 

2 

ci 
0 
LL 

I- 

W 
E 
U 

z 
0 

I- 

r 
a! 
0 
LL 
Z 

Y 

a 

Y 

I- 

I- 

I 
3 

a 

4 

Z 
W > 
0 
lY a 

ci 
0 
LL 
L L  
W 

L L  
0 

W 
N 

m 
Y 

I- 
a 
W 
u z 
0 u 

4 

CL' 
W 
m 
3 

-I 
3 
LL 
W 
m 
3 

0 
I- 
Z 
Y 

c. 
W 
a! 

3 
cy 
W 
lY 

cn 
W 
IT 
W 
I u 
m 

n 

U 

lY m 
0 
LL .4 

c3 z 
Y 

0 
c3 z 
0 
v 

v) 
n I- 
W Z 
I- W a E 
3 3 
1 ci 

b 
W 
a! 

3 
cy 
W 
ci 

Y 

c3 
Z 
m 
m 
W 
0 
0 
a! 
Q 

I- 

Y 

a 

;f 

a I- > m 
w z 

0 
LI 
Z 
Y Y 

m v 
Z 
O I- 
Y W 
I- v) 

I- 
a 

-I a 
Q n 

5 
Y 

w 
E 
w 

w 
i 
I- 

LL 
0 

z 
0 

3 
W 
Z 

I u 
m 

Y 

I- 

Z 
a 

Z 
0 

I- 

z 

W 
m 

U 

a 
U 

0. 

W 
n m 

lY 
W 
m 
3 

Y 

E 
W 
v) 
m 
Y 

n 

a a z u -  
0 0  

LL 
0 c3 

Z A M  - Y O n  
I- v) Y Z  z I - w  
W 3 Q I -  
I- 0, Y L  
0 u l Y 0  

m 3  

a t - z  

a a u  
> a w o  z I- n I  a a  z n  
0 .  

W 
I 
I- 

Y 

m 
m 
W u 
0 
lY 
Q 

I- 
a 
a 
n . 

> 
I- 

-I 
Y 

Y 

m 
U 

m 
W 
a 

Z 
0 
Y 

L 
0 

v) 
Y 

n 

a I- 

I 
I 

W 
IY a I- 

r 
lY 
0 
LL 
Z 

a W 
Q 
0 u 
m 

0 
I 
3 LL 

Y 



e 

I 

m 

5 
a, 
4J 
m 
r, 
0 -  c 
2 

a 
0, 
r( 
4J 
-4 
4 c 
a, 
m 

a, a 
-4 
d 
cn 

4 A  k a, $ 5  0 k 



.. 
PI 

VI 
0 

c 
0 
-4 
JJ 

P 
al 
S-J 
P 
al rn 

m 

w 

LL 
C 
I- - 
v, 

c 
-rl I 

C k  
oa,  
4 a 
.r) n 

m 

m k -  
a,a ,a ,  u 3 a  

-4 4J k -2 
k cud 

d e 4  a a m a  a 
w u m m  

I43JJ-i 
aN3 

c 
u1 
ii 

2 
m 
P 
k 
a, a 
a, u 
.rl 

a 
k 

N 
Id c 
c 
rr( 

a, 
0 
0 

Y 

h 

v 

m 

c 
d 

h 
4 
X al 

Y 

h 

Y 

h 
a, 
3 
k 
7 cn 
k 
a, 
4J 

5 
a 
d 
'7 

CJ 
i 4  . u  

m 

dP 
n -  m 5t! a, 
I % - 

0 
m l z  
a, 

h 
G 
4 E 

h 

l4 
v 

c 
0 
.rl 
4 
4 a c 
0 u 
rl 
-4 
0 cn 



I 

m 

til 
a, u 
-rl 

a, 
cI1 

c 
c, c: 
a, 
3 
D- 
a, 
k cr 
ll-l 
0 

a 
a, 
c, 
m 
c, 
0 c 
2 

c 
a, 
W 

a, a 
-4 
l-4 rn 

a, 
-4 
c, 
ir 
0 m 
0 c 
c 

m 
4J 
Id a 

E 
-4 
+J 

I 
d 
Id 
a, 
k 
k 
0 
c, 
c 
a, 
3 
F 
a, 
k 
w 
m *  
C m  
-4 c 
k O  
-4 -4 
74J 
a , &  
& a ,  a rno c 
O k  
-4 0 
4Ju 
Id ua 
-4 c 
d l  a0 
a w  
Id 

wm 

m 
a, -4 
rn 

I 
k 
a, 
4 J a  e a l e  
-4 m rd 

a, 
m 
Id 
k 
a, 

0 
3 
0 
3 c 
-4 
4J 
c 
0 u 
h 
d 
d 
Id 

-rl 
c, 
c 
a, 
rn 
[I) 
a, 

a, 

; 
Id u 
a, 
Q 

h 
d 
m 
c 
0 
-4 
4J 
Id 
k 
al a 
0 



v) 
W 
V 
U 

2 
W 
v) 

I- 
Z 
W 
3 
ff 
W 
CY 
LL 

LL 
0 

v) 
u 
I- 
v) 

Y 

Y 

5 
2 
I- 
u 

a 
II u 

Z 
H 

n 
W 
a! 
W 
I- 

H 

I- u 
Z 
3 
L 

LL 
0 
a! 
W 

n 
W 
N 

n 
a 
Z 

Z 
0 

W 
VI 
W 
1 
I- 

A 
W 
c3 

a! 
w > 
0 

a 
U 

A 
a 
U 

V 
W 
a 
v) 

W 
m 
-I 
J 

3 
v) 
W 
0 

> 
a! 
W 
cn 

U 

Y 

I 
d 

Q 

I- 
z 
w 
I- 

H 
Y 

I- 
LL 
0 u 

Z 
3 
LL 

m z 
3 
Z 

u z  
m 0  z z  
W U  
v) 

c3 
Z 
U 

u 
v) 
3 
0 
3 
Z 

I- 
Z 
0 
0 

> 
J 
-I 

H 

a 
H 

i- 
Z 
W 
VI 
v) 
W 
LJ 

I- 
w 

0 
a 

CY 
W 
I- 
v) 
3 
-I 
V 

W 
a! 

3 
0 
w 
CY 

>- 
-I 

Y 

m 
a m 
3 

!I 

-I 
-I 

3 
v) 
u 

Y 

U 

w 
I- 

-1 
J 
w 
I- 

ln 

Z 
W 
w 
3 
I- 
W 
m 

C( 

a 

W 
u 

N 
W 
I- 
Z 

2 

Y 

w 

v). 
Z 
0 

LL 

n 
W 
I- 
V 

I- 
Z 
0 
V 

2 
W 
V 
Y 

> 
a! 
W 
v) 

n - 
L - 

W 
z 
U 

I- 
I 
-I 

2 
0 
a! 
0 

w 
I- 
n 

a 

Y 
CY 

Z 
a > 

-1 
I 
I- 

In 
0 z v) 

0 
J 
u 

W 

I- 
CY 
0 
v) 

U 

W > w 
z 
0 
Z 
I 

Z 
0 

z a  
nI- 

W L L  W 
E 

z 
0 
Z 
0 
V 
w . 

Y 

u 
0 
v) 

U 

v) 
v) 
U 

z . 
>- 
a! 
w 
> 

Y 

-1 
w 
m . 

v) 
a 

J 
CY 
3 
0 
I 

0 
Z . 



rl 
a c 

k O  
0 -4 
w c ,  

a 

I 

m 
5 m 
5 
p: 
a 
a, 
c, 
a 

B 
rl 
a 
a, 
p: 
k 

c 
a, 

a,c 
w a0 
o o c  a 
c l c a ,  
k -4 c a c ,  ac 
2 2  



A 

> 
K 
W 
v) 

W 
z 
I- 

-I 

I 

5 

5 
K 

K 

Z 

z n 
a 
W x 
I- 
-I 

I 

5 
K 

V 

L 
L 

CI 

2 
!- 

W 
t- 
V 
W 
3 
0 
K 
n 

n 

v) 
I- 
I 
0 
n 
-1 
L 

0 
Z 

x 

> a 4 

0 

0 

v) z 
0 
I- 

> 
K 
W 
v) 

0 
I 
I- 
K 

c( 

a 

m 

5 

A 
n 

v) 
0 
W 

z 
>- 
v) 

t- 

v) 

v) 
V 

v) 
>- 

a 

U 

r 
n 
8 
I- 
a! 

W 
a 

v) 
K 
W 

z 
>- 
ln 

ln 
0 
K 
n 
I- 

I- 

2 
n 
n 
a 

a 
J 
-1 

z 
v) 

I- 

2 
Y 
K 
0 
3 
I- 
W z 

n 
W 
I 

I- 

ln 

I- 
v) 

V 
n 
0 
a! 

a 

a 

a 

m 

n 
W 

f 
n 
W 

v) 
>- 
v) 

Z 
0 
I 
3 
0 
J 
J 
0 
L 

I- 
0 
Z 

ln z 
0 

m 
ln 

I 

I r 
z 
0 
I- 
I 

2 

2 

v) 

W 
V 

v) 

n 
a 
Z 

W 

I- 
K 
0 
v) 

n 
w o  
J W  

I - 3  
3 J  
I V  
m z  

Y 

~ - n  

v u  

I- 
n 

K 
0 

r 
z 
0 
0 

x 

m 

d 

0 
0 
d 

J 

z 
r 
0 z 
W > 
0 

a 
I 

m a " " 



H 
I4 
PI 
pc 
4 
X 
I3 
p: 
3 

2 
51 

I 

w 
H 

w 
I4 
I3 
E-c 
3 
X m I 

0 c 
c 
4 

k 
0 
w 
m 
4J 
m 
c1 
3 iu 
P; 
E 

a 
a, 
rl 
4J 
-4 
4J c 
a, 
a0 

a, a 
-4 
rl 
m 

I 

a, a 
i l  
a, 
k m 
m 
4J 
C 
-4 
0 a 
rl 
m a 
-4 u 
c 
-4 
k a 



co 

W 
n 
Y 

-1 
m 

m 
a 
z 
a! 
0 
LL 

a 

5 a 
n 
3 

5 
n ff cv 
-1 m a 
z d I 
0 W 

\ 

a >- 
I- I 
Z 0 Q 

a Y 

a![ 

LLI cv a > -m d 
z I o 
0 00 0 u vt I- 

LLI cv a > -m d 
z I o 
0 00 0 u vt I- 

U 
I- I I 
z .  Q 
w w n  a ! z a  W 

W 

> 
I 
a 
2 

0 
I a 
LL 
0 

CY 
W 
a 
3- 

D 
0 
0 

I 
m 

I 

m 
o - w  I- 
0 Y m 
I - l a !  0 

u 
n 

In W 
3 I- 

E 

a n 

W a 

I- 
Z 
3 
0 u 
d 

LL 
0 

- I - m w  Y 

m o r  I- 
o m +  m u 3 0  w 

m 
3 

a! 
W > 
0 u 
0 
I- 

m 
0 
I- 
O 
I 
Q 

L L  
0 

cd 
w 
m 
II 
3 
Z 

LLI Z 
-l w 

Y 
Q 
5 
0 
V m 
0 
I- V 

W I z a a 
i E 

Y 

2 
a 
Y 

c.( 

0 0  0 

I u 
2 4  
o w  

w I-0 

t Y -  0 

w 5  LL- so - 
u +I- 

Y 

m - l  a a  
a a  U O  

a z  o m  
0 w o  w o  

I-+ d o  . . 

> 
c3 d 
Z w 
Y c3 

5 6 z 
0 

LL I- 
0 0 

I a Q 

l! a 
Y 

W 
I- Z 
m O 
W > 
X -1 
I- I- 

u 
I- W 
3 a! 
0 Y 

I- 
I n 
Y Z 
3 0 

r-( 

m I- 

W l- 
m W 
3 a! 

a 
w a! z w 
O I- 

a! a 

m Z 
>- 
co 0 

> o 
-1 0 
I- -1 
u O 
W w 
a! 0 

Y 

r-( 

Y 

c? n 

c! 
w Z 
3 u 

d 

n 

m a 
W m 
m W 

Z d 
Q I- 
V Z 

3 
m 0 
0 u 
I- 
o m  o .  
Il- zl- 
act 

01 o u  
Y O  -I 
I w l -  

> m  

o m  0 o a  4J 

I - - I I  an! fx ' 0  
0 W L  

Y 

a L O  

a 0  w w  
a! n3  

r a  . 

. . 



C 

rl 
m 
c, 
0 
c, 
ld 
m 
m 
Q) 
4 

k 
0 
k 
m 

a, a1 
rl 
m c 1 4  m 

a J o m Q )  1 0  
tr tnc 
act, 

-4 
Q) ac 
3 a0 a m  a 

ka 
0 
W h  c, 
h k  
k -4 
rdc 
m c ,  
m 
Q ) m  u 
a m  c Q )  
k 

00) a c  a 
r l m  
rl -d 
-4 E 
3 Q )  c 
m 
$5 a 0  a 
m t n  c 
W -4 
O k  

Q) 
ka 
Q) -4 a m  
k C  
0 0  

U 
Q) e 
c , * *  ea c o a l  
0 -4 a 

m a l  
mm Q) c -d c 

111 t r k  m c m  
4 -4 
ak 

m a m  c m Q )  
O E h  
-4 

0 

P o  

vl a 0 0  m a r l  a 

m 
r5 
4 
H 
B 

H 
GI 
PI 
PI 
4 
X 
B 
p: 
2 
I 

W 
H 
B 
P; 
0 
m 

Q) 
c, 
a, 
rl a 

U 
5 
k 
0 
w 
h 
k 
Ki 
m 
m 
Q) u 
Q) z a 

Q) 
c, 
m 
rl 
1 u 
rl 
m u 
m 
-4 

w 
I4 
E-c 
B 
3 
X 
m I 5) m 3  

k * m  
m o m  w c k e  

o o u o  
-4 Q) -d 

auac, 
e m  m 
-4 U m- U r -d k -4 

m 
x 
k 
m 

p: 
5 rl 

P) 
m m 
k 
al 

u 

c 
0 
-d 
m 

' V I  
-4 
E 

m 
Q) a 
-d 
rl 
m 

5 
Q) 
4 
m 
4 
0 c 
c 
4 

. .  
rl c u r l  

m a3 a 
-d a o a  m r l  k 

m 1 Q )  
-4 W a 
E 

id' 0 id- 
H 



4 

0 

I- 

3 

H 

2 
n 

I 

I- 
v) 
W 
a! 
W 
I- 
Z 

LL 
0 

H 

5 
Q! 
a 
W 
a! 

I- z 
W 

a! 
L W  
O >  

0 
v)V 

L C  

f Y 0  
0-J  
o v  
I- o a\o 
IO 
Q M  

H 

r 
at) 

z VI 
5." 
m u  
0 3  

H 

PI- 

.. 
tn 
9 
v) 

I- 

o 
Z 
Q 
Q 

z 

a 

U 

a 

. 

0 
0 
c': 

AI 

W 
-I 
0 
Z 

Z 
3 
m 

X 
I- 

3 

v) 
3 

a 

H 

a 

.. 
W 
-I 
Q 
E 
X 
W 

a 

. 

a! 
0 
u, 

LLI 
E 
I- 

I- 
v) 
W 

H 

m 
v) 
U 

x a 
0 
0 

c 
d 

.. 
I- 

LY 
t Y w  
W >  

E 0  
w 

a 

m o  

I-n 
% ?  
- v  
v)J 
\ V  
I- 
v) o\o 
3 0  o m  
3 
a VI  

z 
0 

v) 
v) 

Y 

8-4 r 
c3 z 

Q 

z 
-I 
3 
LL 
v) 
v) 
W 
V 
V 
3 
v) 

L L  
0 

>- 
I- 

-1 

H 

a 
a 

U 

U 

m 
m 
a 
0 
Q! 
a 
II 

LL 
0 

>-a 
I - - - L L  
u >  
-1C 
u c  
m a 
G C  
O W  
fv 
Q V  
- 

v) 
W 
-I 
V 
> 
V 

M 

Z 

In 
w w  
u -. 

- 3  
30 
3 

Z 
a ! w  
W J  

I-I- 

O W  
Zv) 

rI- 
t Y a  

N M 

W 
-I 
m 
2 

2 

$ 

0 > 

v) 
U 

I- 

V 
W 
a! 
0 
L 

fY 
W 

I- 

W 
3 
Z 
W 

3 

V 
Z 
3 

-1 

r 
a 

r 

r 

a 

.. 
tn 
Z 
0 

I- 
OL 
w 

U 

a 

n 
H 

v) 
Z 
0 u 
Q! 
W 
I 
I- 
O . 

'CntnV 
0 w t )  

4- I  v) 
>-I-v 
Jtn>-L 
z 3 v o  o o  

c3 
Z 
H 

a 
n 
Q r 
>- 
-I 
-I 
3 
LL 
v) 
v) 
W 
V 
V 
3 
v) 

L 
0 

W 
V 
Z 
X 
V 

O\O 

Ln 
h 

> 
-I 
z 
0 

tn 
I 1  I 

a 

> 
o 
W 

I- 
a? 
0 

CI 

U 

.. 
z 
0 
v) 
3 
-I 
V z 
0 
V 

H 

. 

W 
n 



c 
0 

-I+ 

c, 
m u 
-4 
rl a a 
4 

a 
l a ,  

d 
m c ,  x -4 
k c ,  
m e  

a, 

P ; o  
rl 

- 

E 

W c , S  
0 Lr) u ca, 

? -4 c 
C 
m E.? 

0 4  
ICC a w  
H 



L 

I 
0 
a? 
6 
W 
m 
W 
a! 

m 
Z 
0 

I- 
6 u 
-1 
a 
a 
6 

Y 

Y 

W 
N 

E 
I- 
a 
0 

0 
I- 

Y 

Y 

-4 

L-l 
3 
0 
0 
LL 

0 
I- 
Z 
Y 

0 
Z 
0 

I- 
Y 

5 
Y 

-I 
a 
a m  
6I- 

Z 
w w  
> E  
c-rw 
I - a ?  
u u  
w 3  
L O  
m w  c g  
a? 
al- 
Z 

a w  
Z E  
H3 
a ! &  

m 
o z  
I-- 

mt- 

.. 
m 
w > 
I- 
u 
w 
-3 

0 

Y 

m 

a? 

5 
-I 
u 
I- 
O 
z 
> 
I- 

> 
I- 
V 
6 

Y 

Y 

W 

I- 
a! 
0 
m 
LL 
0 

I- 
Z 
w 
I- 
X 
w 

u 

4 

I- 
w 
Y 
a! 
6 
5 
m 
w e 
3 
I- 
6 
Z a 
m 
J 

Y 

2 
I- 
V 
W 
a 
m 
U 

n 
w 
a? 

3 
w 
W 
a! 

I- 
g 
0 
LL A 
LLa - II I z 
I m  
o m  
!xu 
w o  
ma! 
W R  
a! 

6 

Z 6  

0 
a?I 
a u  

a? 
M 6  
O W  
Ylm 
6 W  za? 

U 

U 

a u  

nI- 
3 n  

0 

n 
W 

LL 
u 

H 

n 
n o  

m m  a 
z I - z  
u W W  4 
I- ELL v 
4 3 0  

o z n  z 

v & a  z - L L  ?- 
Z J m z  I- 
e n 7  Y 

Y a u W  -I 

I- I- Q Z  6 

w w I-v z 
E a ?  

6 I - a w m t ;  
z z s a  LL 

Y a? >-v, J 
D! 3 &I- Q 
w v 01 z 
a 6 0  0 
X W 6 -  - 
w I a!J I- 

I- O k  6 
I- m a !  
LL LL 6 Z  W 
Q 0 - I w  a 
a! w o  
0 LL U P  
D! J E!- w 

3 o w  r 
6 m m m  I- 
0 0 0  O 

0 
I- 

I- 

a 
3 
0 
a! 

r 

m 
m + 
Z 
w 
E 
3 
a? 
I- 
m 
z 

Q 
W 
I- 

u 

5 
W 
a? 

LL 
0 

> 
I- 

V U  
U T :  
Ju 
a +  
I-I 
JI- 
3 -  
E 3  
I - W  
m a  
W Z  
ch =f 
W I  
3 V  
m 
m m  
+I- 
I W  
00 
-a?  

LLI- 

o z  
0 0  
m z  

E 
LLO 
0 0  

w z  
J O  a 
Ea? 

w m  

U 

Y 

4 

J a  

25 

V 

II 
6 
Z 
>- 
Q 

6 

w > 
a? 
W 
m 
0 

0 
I- 

Y 

m 

n 
W 
a! 

3 
cy 
W 
a? 

m 

Y 

Y 

6 
W 
a! 
6 

W 
0 
a! 

Is 
6 

0 
w 
- I 3  
a w  
E M  
X 
w u  

o n  
a ? o  
6 Z  

L L  

a >  

r I -  
Y 

a -132 
o m 0 0 0  

a? I-a-1 
O W Z O V  
W J 6 I -  

w > -  
v) I 
w z  



cn 
t5 
2 
H 

GI 
pc 
pc 
4 
X 
I3 
p: 
2 

2 

I 

W 
H 

0 cn 
W 
GI 
I3 
i3 
3 
X cn I 

II) 
x 
k 
m 

P; 
E 

a, 
k 

a 
k 
rd 
X 

-IJ c 
a, 

m 
I+ . 
cv 
rl . 
rl 
rl 

a c a 
* 
rl 

a, a 
-d 
rl 
VI 

k 
rdc 



m 
o! 
0 
ln 
Z 
W 
v, 

(3 
Z 

I- 
o! 
0 a 
3 
ln 

I 

a 

n 
0 
Z 
c. 

e 
-n 

X 
W 
-3 
n 
a 
U 

rl 
h 
m 
4 

n n o  
a z  

o!v z a  
w z  u 
I-- ln 
W w o  
E 
-IJ -1> 
W I -  01 

W - l  W 6  
oo! 

I- 
Z 

W W W  
l n .  m a  
4 6  6 W  
-Iu -1u 

ow5 E," 
XI- n a  
a -  o 

o!n o!v ln 
z 
0 

I- 
- 
U 

a 
W 
a 
X 
w 
> 
(3 

9 

o m  I - 
m o-13 
'0 h3H 

m w  m n >  

eo! 
w n  
I-a 
Z Z  
O W  

w a  

n-l 
a u  
o!n 
w x n  

Y 

0 
J V  
MI-ln 
L L m w  
o w 2  
o!I- \  

w m  
w l n  
O i l n w  
3 3 W  
I -m  
a x  
o!- 
w z n  a o  
Z n Z  
w o ! -  
F a 3  

I - w  
o ! u -  
nu> 

n 6  

n 
(3 
Z 
Y 

I J (3 
z 

0 
0 

X 
W r 
u. 
0 

Y 

o! 

? 
w 
I 
0 
I 

n 
(3 z 
3 
w .  
> 
Oi 

n 
Zv) 
U V  

o!ln 
W > -  

6 a  
-1 

6 
w o !  
JI- 
U V  
L W  

Y 

U 

I 

6 n  

w 

lnr 

2 0  
w o  
I-J 

n 
a 
o! 

ln 
o! 
0 m 
Z 
W 
v, 

>- 
o! 
6 z 
o! 
e( 

n 

n 
6 
Z I- 

Z 
w x 
3 
o! 
I- 

n 

o ! W  
w z  
I - -  

u. 
-I 
3 
c3 

W u 

Z 
0 

I- 
CI 

5 
5 
Y 

o! 

0 a 
n 

z m  
a z  
r u e  
v z n  

> 
3 
0 
o! 
V 

a 
n 
a z 

W 
E .  
o w  
-1-I 
UI- 
XI- 
w - l  z 
n- 

2 
w 
Z 
w 
(3 

u o  
w z  
>o!- 
- w 3  L I - w  

L L l n  
w z >  
0 

lno!o! 

ln 
Z 
I 

c1 

H 6 
Y 
ln 

I: 
a 
0 
h 
m 
d 

* z  
* w  

4 N  
m u  

'N  
L 
(3 

o!n 

a a  
W 
u ) '  

-Iv 

m 
m 
0 
rl 

-Id 

3-3 
a a  
nu 

o! 
W 

u 
a 

o n  
o!m 
a u  



h 

n 
I- 
u 

W 
a 
X 
W 

>- 

n 

c3 
0 
-1 
0 

I- 
w 
z 
0 
m 
m 
> 
V 

W 
n 

b-4 

h 
m 
b-4 

0 
h 
m 
b-4 

c d > w w  
3 n o  

n 

n 
Z a 

ai 
W 
I- 
W 
z 
0 
a! 
a > r 

v ) n  
Z l Y  
0 0  
H L L  
I - z  a 
l Y m  
> 2  

u n  
W 

0 
Z n 
u n N *  

-a! cd 
00 n a  

N i  - d-1 
r o n  a z a a  o z  

z I-0 

ii' 
cn 46 
w a  
u z u  
w 
3 c d  - 
w n ~  
z a  

o a n  
una! a!aa 
~ c d n  a 
oaai 
32 
I - w z  

Y O  



d 
h 
m 
d 

N 4 z w  un!ua 
W 

-4  

n 
a 
z 
n 

3 
w 
> 
n 

rYz 
M Q  

n o  

H 

Ql 

0 
h 
Q 
4 



m 
>- 
a u 
n n - .  

@4 6 

c3 
a? Z 

n 0 
LL a 

W I -  
> w z  

z a  
u 
n 
L 

I- z 
W 

u 
m 
W 
I 
t- 

a *  
Z m  
- 2  
m o  
m u  
a <  
E &  
o w  o a  
2 0  
W 

I- 
W L  

z &, 
w u  
I-& 
w -  
Z 

u z  
d 

W 
> 4  

I W  u 
I-LL 

& 
m w  
I-I- 
a z  
Z U  
W 

t-z 

w w  
U &  

113 

O &  

W I  
u 
Z O  
W L  

u 
m 4  

W 
w >  
Z n  
&I- 
O U  
m w  
aLT 
n m  

- 4  

Y 

U 

a +  

u a  

a a  
o n  

a m  

oa 

kt3 

a 4  

- a  
u-n 

a 

Ha 

a 0  

I- 
3 
0 
m 
a 

a 
-J 

u 
n 
z 
I u 
W 
I- 
I- 
m 
W 
m 
m 
X 
U 

m 
W 
U 

h 
6 m 
m 
W 

4 z 
0 

I- 
6 
Z 

aL 
I- 
o 
0 
Z 

U 

Y 

n 

m 
2 
V 
6 
& 

rx 
-I 

m 
u 
m 

a 
a 

U 

s 
4 

m 
I- 
m 

o w  
x - J a  a x  0 

W z n b u  z n  > 
0 
E 
W 
fY 

I 

m 
2 

I- z 
W 

W 
m 
>- 
6 
IT 

IT a 
U 

3 
W 
W 

4 

m 
I- 
W 
9 u 
6 
a? 
m 

I- n 
m 
c3 
Z 

n 
W 

ci 
0 

n z 
6 

W 
W 
3 

L 

cy: 

W 
>- 
a 

a 

0 u 
U 

a? 
U 

2 
4 

m 
c3 
Z 

m 
3 
0 
I 

U 

U 

L 
W 
3 
0 
-I 

n 

a 
U 

I- 
Z 

I -U 
I- @4 

I- 
3 
0 
m 
a 
m 
W 
2 
6 
I- 

W 
a! 

3 
aL 

a 
n 
a r 
I- 
Z 
W 
E 
& 
W 
a 
X 
W 

U 

i 
W 
TI -I 

0 
LL  

n 
aL 
W 
a 
X 

c3 
Z 

I- 
3 
0 m 
a x  

I- 
a!Z 
0 0  
LLZ 

W 
Z 
a? 
W 
a 
X 
W 

U m 
2 
W 
W 
3 
@4 

I 
rl 

m 
W 
SL 

I- 

b! 
V 

a 

n 
I- z 
3 
0 
IT 

4 
m 

W 
U 

r: 
& 
0 

a 
W 
W 
aL 
c3 
W 

6 

n 

I44 

a 
I- 

I3 
I-0 
n m  
3 a  
SLm 
& U  

0 
3 W  
E 

I-I- 
z 
E 6  
U W  
a?-J 
W 
a m  
XI-  
w z  

W 3z 
W U  zn! 

W 
>-a 
A X  
- I W  
6 
0-I  
I-0 

vi l-4 

w n  

I-n 

2 
a r 

V 
6 
W 

& 
0 
L 

m 
c- 

I- 
fY 
0 a 

W u 

a? 
W 
I- 
Z 

2 

U 

r 
0 
I- 
I- 

0 
I- 

0 
m W W 

I 
0 

I 
0 

-J 
L 

U 

-J 
m 
a 
Y 

I 

m 
W 
u 
2 
a? 
W 
I- z 
U 

n z 
3 
0 
aL 
c3 

“I I I- 
O 
c3 
W 
Z 

Z 
0 

LL 
0 m 

u 
U Z 

0 

I- 
Y 

5 
-I 

I- 
m 
Z 
n 

-I 

a 

c3 
Z 
0 
-I 
6 
0 
c3 
W 

z 
0 
I- 
U 

5 
-I 
6 
I- 

m z  
I-6 z z  
3>- 

0 
a! 
W 

a? 
W 
a 
0 
a! a 

n 

a 

3 
0 
m a n 

a a? 
0 z 
6 c 
m 
U 

0 r 
-J 
a n c  

M O M  
Q I - m  

z 
U 

m 
W 
W z 

n 
1 
Di 
W 
I- 
X 
W 

n 
Q 

m z A 
a 
0 
W 
a 
M 
I 
hl 

n 

a? 
w 
I- 

a 

a 

3 
I- 
u 

f 
4 

v, 
6 
3 
W 

aL& 
0 0 
LLLL 

n 
m 

L 
6 W 

n 
U 
-J 
tn 

n 
4 

n n n n n  n 
@4 m f l n a  h 



W 
I W  
I - E  

Y n 
W 
0 

W > 
0 u 

2 
L L I -  
0 1  

c3 
m z  
I - 0  
Z A  
W 
E>- 
c3-I 

W 
CY 

3 
0 
W 
CY 

U w w  
m >  
!-I- 

I - W  
C Y &  
0 
&I-  

H 

z a  a-1 

Ea 
n 

U 

a ? W  
OIY 

3 
W W  
I - W  
WCY 
a 
OI- 

Z 

VI- 

m - 1  
W Q  
u 3 l n  

C Y W  
W I W  
a c 3 z  
0 -  

L I -  

L L H  

E a  
u a  

n 
a>-  

H 

I- w n  

w x a  
a 

n 
A 
CY 
0 
3 

Z 
0 
Y 

IY 
a 
I- 
I 
0 
-1 
LL 

Y 

oi 
0 
LL 

> 
r a W 

> l n  
W Z  

I - ln  

W >  
E O  
3 o i  
& a  
I- 
m c 3  
z z  

n o  
Y 

ZW 

Y H  

u 
LL 
LL 

U 

s 
I- 

-1 
Q 
I- z 
w c 
0 
a 
LL 
0 

I- z 
w z 
ln 
v) 
LLI 
v) 
ln 
Q 

H 

I- 

3 
-1 

a n 
W 
CY 
3 a 
W 

Y 

-4  

CY 
0 
LL a > 

W & 
3 
0 
LL 

n 

a 

w 
-1 
-1 

u 

n 
a Z 

& 

ln a a 
c3 
Z 
c( 

n 

W 

c 
Y 

> n a  z r  a 
Z 

I3 
0 0  
IYA 

W 
m l n  
W I -  
IYZ 

W 
n z  
W 3  

A I -  
aln 
L Z  

all 

a -  

z 
0 

w 
m 
>- 
E 
ln 
z 
0 

ln 
ln 

z 

a 

H 

H 

.r 
CY 

W 
>- 
\ 
ln 
W 

I- 

a 

U 

IY 
0 
I- 

&! 
u a 
m 
>- 
c3 
c3 
a 
W 

r 

m 

h 
0 
ln 

H 

Z 
0 
E -I 

Z 
0 
I- 

IY 
W 
a 
0 

a 
Y 

a 
IY 
0 
VI 

3 
I 
hl 

ln 
H 

I- 
W 
b! tz 
E 
a 

ln 

X 
I- 
U 

Y 

I- 
I 
c3 
-I 
LL 
Z 

H 

H 

Z 

u 
>- 
I- 

> 
I- o 

a 

Y 

H 

a 
ln 

I 
I- 

H 

U 

A a 
Y r 

a 
u 
CY 
W 
ln 
W 
IY 
VI 
Z 
0 

I- 

u 
A 

H 

a 
Y 

u 
W 

ln 

-1 

a 
Z 
0 

W W  
I n  
I-> 

3 
W 
IY 
0 

CY 
W 
0 
IY 
4 

W 
ln 
3 

n 
a Z I- 

I- 
& >  
OIY 
L O  at- 
mIY 
0 

u-I  

3 a  
z m  a a  

s 
0 
Y 

z w  
> a  azln 

m a  X O - I  

W I - >  

I - C Y W  
CYwI- o a z  

A 

Z 
0 
a I- 

I 
c3 
-I 
LL 

Z 

H 

c( 

ln 

5 
H 

I- 

IY 
W 
a 
0 

a 
V 
0 

a 
a a v\ 

I-4 

W 
n 
t-4 

-1 
ln 



a 


